Macrophage colony-stimulating factor induces indirect angiogenesis in vivo.
The cytokine macrophage colony-stimulating factor was implanted in the rabbit cornea over a wide dose range (1 ng to 100 microg) to assay its angiogenic activity in vivo. Neovascularization occurred in a dose-dependent manner, and maximum angiogenesis occurred only with 100 microg. Histologic analysis revealed that the corneas were free of inflammation at the lower doses, but had slight inflammation at 50 and 100 microg. Nonspecific esterase staining of frozen sections and transmission electron microscopy revealed that the inflammatory cells were predominantly macrophages, with very few neutrophils present. This association of capillary formation with inflammation suggests an indirect mechanism of angiogenesis. The lack of neutrophils within the inflammatory cell infiltrate demonstrates that indirect angiogenesis can proceed without the local presence of neutrophils. This distinguishes macrophage colony-stimulating factor from other indirect-acting angiogenesis factors that have been identified to date.